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repeats have to extend completely 
and undergo a maximum number 
of interactions. This would allow the 
formation of a highly ordered mesh 
required to establish an efficient per-
meability barrier (Figure 1C). Despite 
the fact that the local concentration 
of FG repeats within the NPC may be 
high enough to achieve “saturation,” 
it is hard to imagine how such a per-
fect FG network could be established 
in vivo, especially given that newly 
synthesized FG repeats would most 
likely immediately curl up and form 
intramolecular FG bridges. Indeed, 
in vitro gel formation can only be 
induced from lyophilized proteins 
under extreme pH and salt condi-
tions. In order to overcome this con-
ceptual problem, the authors sug-
gest that nuclear transport receptors 
could act as chaperones. This would 
help to prevent intramolecular FG 
interactions after synthesis, with 
mesh formation being catalyzed once 
the nuclear pore protein reaches the 
NPC (Frey and Görlich, 2007).
Saturated or not, the in vivo evi-
dence for the existence of a FG-hydro-
gel within the NPC (Frey et al., 2006) 
remains weak. Under more physiologi-
cal conditions, the FG domain of Nsp1 
formed neither homo- nor heterotypic 
interactions with other FG nucleopo-
rins (Patel et al., 2007). Therefore, the 
final answer to the question of whether 
the NPC looks more like a bowl of spa-
ghetti or behaves like a gummy bear 
almost certainly requires additional 
structural and biophysical studies 
most likely paired with high-resolution 
single molecule experiments.
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The form and function of the Golgi 
apparatus are tightly linked. Proteins 
destined for secretion are modified in 
the stacked Golgi cisternae, yet the 
mechanisms that generate this elabo-
rate structure remain mysterious. An in 
vitro assay to identify factors involved 
in Golgi assembly led to the identifica-
tion of mammalian GRASP65, which 
became the founding member of the 
GRASP (Golgi reassembly stacking 
protein) family of peripheral mem-
brane proteins (Lowe and Barr, 2007). 
GRASP65 localizes to pre-Golgi 
and early Golgi compartments, and 
GRASP55—the other GRASP in mam-
malian cells—localizes to the medial 
Golgi. GRASPs are widely conserved 
in eukaryotes. For example, the fruit 
fly Drosophila melanogaster and the 
yeast Saccharomyces cerevisiae 
contain GRASP65 orthologs called 
dGRASP and Grh1, respectively (Kon-
dylis et al., 2005; Behnia et al., 2007). 
GRASPs are important for the nor-
mal structure and operation of the 
Golgi, but little is known about their 
biochemical activity. To address this 
question, Kinseth et al. (2007) exam-
ined the GRASP homolog in the slime 
mold Dictyostelium discoideum.
Earlier studies in several organisms 
analyzed the role of GRASPs in Golgi 
architecture. Mammalian GRASP65 
forms a complex with its partner pro-
tein GM130, which interacts in turn with 
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GRASP proteins associate with the Golgi apparatus and have been implicated in the 
stacking of Golgi cisternae, vesicle tethering, and mitotic progression, but their specific 
functions are unclear. In this issue, Kinseth et al. (2007) show unexpectedly that a GRASP 
homolog is required for an unconventional secretory pathway that bypasses the usual route 
for Golgi-dependent membrane traffic.
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the vesicle tethering protein p115 (Lowe 
and Barr, 2007). This finding plus the 
ability of GRASP65 to form oligomers 
are potentially consistent with a role for 
this protein in tethering adjacent cister-
nae (Wang et al., 2003). However, it is 
likely that GRASPs do not act primarily 
as Golgi stacking factors. S. cerevisiae 
and the malaria parasite Plasmodium 
falciparum have nonstacked Golgi 
cisternae and yet contain GRASPs, 
whereas higher plant cells contain 
Golgi stacks but lack obvious GRASP 
homologs. Moreover, GRASP deple-
tion fails to inhibit secretion and has 
only modest effects on Golgi structure 
(Kondylis et al., 2005; Sütterlin et al., 
2005), although depletion of GRASP65 
or GM130 disrupts the lateral connec-
tions between mammalian Golgi stacks 
(Puthenveedu et al., 2006). Yeast Grh1 
is not essential for viability, but it inter-
acts physically with components of 
ER-derived COPII vesicles, and it inter-
acts genetically with proteins involved 
in COPII vesicle tethering and fusion 
(Behnia et al., 2007). These studies led 
to the hypothesis that GRASPs help to 
mediate homotypic fusion events that 
generate early Golgi compartments 
(Puthenveedu et al., 2006; Behnia et 
al., 2007). In addition, GRASP65 and 
GRASP55 interact with the cytosolic 
tails of several proteins that either cycle 
between the ER and Golgi or transit 
through the Golgi en route to the cell 
surface (Barr et al., 2001). The com-
bined data indicate that GRASPs are 
not generally required for secretion but 
have incompletely understood roles in 
the dynamics of membrane compart-
ments and in protein transport in the 
early secretory pathway.
Meanwhile, it has become clear that 
GRASPs also have connections to 
other cellular processes. In mammalian 
cells undergoing mitosis, GRASP65 is 
phosphorylated by the Cdk1-cyclin B 
kinase (Lowe and Barr, 2007), whereas 
GRASP55 is phosphorylated in a path-
way involving mitogen-activated protein 
kinase kinase 1 (MEK1) (Feinstein and 
Linstedt, 2007). These phosphoryla-
tion events modify the biochemical and 
functional properties of the GRASPs 
and contribute to mitotic Golgi frag-
mentation. Perturbing GRASP65 activ-
ity inhibits Golgi fragmentation at the 
G2/M transition, and this lack of Golgi 
breakdown prevents cells from pro-
gressing through mitosis (Sütterlin et 
al., 2005). In addition to being a target 
during mitosis, GRASP65 seems to be 
a platform for the binding of regulatory 
kinases during both interphase and 
mitosis (Lowe and Barr, 2007).
These disparate lines of evidence 
can be integrated by proposing that 
GRASPs perform a conserved non-
essential function in the mechanics of 
the secretory pathway and that mam-
malian GRASPs have evolved addi-
tional regulatory roles that are more 
vital for cell survival. From this per-
spective, in order to understand why 
mammalian cells use GRASPs as reg-
ulators, we will need to elucidate the 
conserved function of these proteins.
Kinseth et al. (2007) provide an 
important step in this direction. The 
authors chose Dictyostelium discoi-
deum—which has a single GRASP 
homolog GrpA—as a genetically trac-
table system for studying GRASP 
function. Targeted gene disruption 
revealed that a GrpA-deficient strain 
grows at wild-type rates and exhibits 
normal trafficking of several secretory 
and lysosomal proteins. Although the 
Dictyostelium Golgi is hard to detect by 
electron microscopy, this organelle can 
be seen by fluorescence microscopy, 
and its gross structure is unperturbed 
in GrpA-deficient cells. On the other 
hand, GrpA-deficient cells are defec-
tive in producing viable spores. In a 
remarkable piece of detective work, the 
authors traced this defect to a strong 
block in secretion of the acyl-CoA 
binding protein AcbA, which is cleaved 
outside the cell to produce a spore dif-
ferentiation factor. AcbA lacks a con-
ventional secretory signal sequence 
and, in GrpA-deficient cells AcbA 
accumulates in the cytoplasm. There-
fore, at least in Dictyostelium, GRASP 
is not generally required for the activity 
of the Golgi in conventional secretion 
but, instead, is required for an uncon-
ventional secretory pathway. This new 
twist on GRASP function may extend 
to other eukaryotes. Recent work indi-
cates that at specific times of Drosoph-
ila development, dGRASP may help to 
mediate the unconventional secretion 
of certain plasma membrane proteins 
(Catherine Rabouille, personal com-
munication). It is possible that GRASPs 
also play a role in the unconventional 
secretion of biomedically relevant 
mammalian proteins including fibro-
blast growth factor-2, galectins, and 
cytokines (Nickel, 2005).
How can we make sense of the find-
ing that Golgi-localized GrpA strongly 
affects a secretion pathway that does 
not directly involve the Golgi? Further 
progress will require a better under-
figure 1. GrpA in Unconventional secretion
The figure shows a hypothetical pathway for unconventional secretion in Dictyostelium. Cytosolic 
AcbA is packaged into the internal vesicles of multivesicular bodies (MVBs), which subsequently 
fuse with the plasma membrane to release exosomes containing AcbA. Shown are two possible 
roles for GrpA in this pathway. 
(A) GrpA shuttles through the cytosol between the Golgi and the plasma membrane and has 
distinct functions at the two locations. At the plasma membrane, GrpA acts as part of the MVB 
fusion machinery. 
(B) GrpA functions exclusively at the Golgi, where it is required for the biosynthetic transport of a 
select set of cargo molecules. One such cargo molecule is a plasma membrane protein required 
for MVB fusion.
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standing of how proteins such as AcbA 
are secreted. Several different path-
ways can mediate the unconventional 
secretion of cytosolic proteins (Nickel, 
2005). One such pathway is direct trans-
location across the plasma membrane 
via ATP-driven ABC transporters, but 
data from Kinseth et al. (2007) argue 
against this route for AcbA. An alterna-
tive possibility is depicted in Figure 1. In 
this scenario, AcbA is transported from 
the cytosol into the internal vesicles 
of endosomal multivesicular bodies 
(MVBs), which subsequently fuse with 
the plasma membrane to release the 
internal vesicles as exosomes. GrpA 
would be needed at some stage of this 
process. Support for such a mecha-
nism comes from the finding that AcbA 
can be visualized in association with an 
endosomal compartment underneath 
the plasma membrane (Adam Kuspa, 
personal communication).
If we assume that GrpA is required 
for MVBs to fuse with the plasma 
membrane, two models could explain 
this requirement. In the first model 
(Figure 1A), GrpA shuttles between 
the Golgi and the plasma membrane 
and has distinct functions at the two 
locations. At the plasma membrane, 
GrpA would operate as part of the 
MVB fusion machinery. This idea 
raises the exciting possibility that 
GRASPs act as a go-between to 
coordinate the activities of the con-
ventional and unconventional secre-
tory pathways. In the second model 
(Figure 1B), GrpA operates exclu-
sively at the Golgi and is selectively 
required for the biosynthetic trans-
port of a plasma membrane compo-
nent of the MVB fusion machinery. 
Hence, further insight into Dictyoste-
lium sporulation may illuminate the 
role of GRASPs in protein transport. 
Of course, variations on these mod-
els can be envisioned. For example, 
GrpA function might be required at 
the step of AcbA internalization into 
MVBs or for an unconventional secre-
tory pathway that is independent of 
MVBs. Regardless, the elegant work 
of Kinseth et al. (2007) has revealed a 
surprising link between conventional 
and unconventional secretion.
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Obesity is becoming so prevalent 
in Western populations that it may 
already be adversely affecting mor-
tality rates (Adams et al., 2006). It is 
a disorder of energy metabolism that 
predisposes to diabetes, hyperten-
sion, and hyperlipidemia, diseases 
characterized by insulin resistance 
and complicated by atherosclerosis 
(Semenkovich, 2006). Availability of 
nutrient-dense food and the accep-
tance of exercise as optional may 
explain why adiposity is increasing 
in populations. Yet, there is a lim-
ited understanding of the striking 
differences between individuals in 
metabolic rate and susceptibility to 
obesity-associated disease. Once 
obesity is established, therapies 
are seldom successful. Treatment is 
focused on manifestations such as 
elevated blood sugar, blood pressure, 
and cholesterol, instead of the under-
lying disorder of energy metabolism.
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Obesity, insulin resistance, and diabetes are related disorders of energy metabolism for 
which therapies are suboptimal. In this issue of Cell, Lee et al. (2007) demonstrate in mice 
that bone regulates the insulin/glucose axis and energy metabolism, providing a new 
framework for approaching common disorders of bioenergetics.
